Expressions for the recoil effects in single nucleon transfer in heavy ion reactions are obtained in first order in the mass ratio (m/M), where m is the mass of the transferred nucleon and M is the mass of either of the nuclear cores. The effect of recoil on the j dependence, the energy dependence and angular momentum of the residual nucleus is predicted.
The above theory is in agreement with the kinematic conditions of Brink 5 ).
The selection rules proposed by Brink for single nuclear transfer at energies above the Coulomb barrier explicitly allow one to estimate the angular momentum carried by the neglected recoil term. The angular momentum conservation rule is given by (1.1) where Al and A 2 are the Z components of the single particle orbital angular momentum in its initial and final bound states, and ]JVR represents the angular momentum of relative motion of the colliding particles at the distance of closest approach. The local angular momentum is different in the initial and final states because there is a change in the reduced mass due to mass transfer, and a change in the relative velocity and the distance of closest approach.
In the approximation of Buttle and Goldfarb 2 ), one assumes that one can neglect
the change in R, s.o that one would obtain (1. 2) Thus the recoil momentum is explicitly defined by the quantity
Since the relative angular momentum of the colliding particle is usually large in reactions above the Coulomb barrier, the recoil angular momentum could be- In the present paper, we obtain the.exact first order recoil amplitude.
We shall use the co-ordinate system used by Buttle and Goldfarb ) and use their terminology throughout this paper. We are interested in the reaction schematically represented by
In a distorted wave Born approximation (DWBA), the transfer amplitude is given
Where ) +) (:+r. ) and ) -) (:+rf)
are respectively the distorted waves in the initial k. 
Tf.
(kf ,k.)
where it has been assumed that the single particles are in pure (n!j) configu- ].
(2.6c)
In eqs. (2.6) and (2. 7), ar and a r' are radial differential operators, and L\J., ..
•:J = )Ji)Jf kf S (2a2+1) LiL+R.'-R.l-R.
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where the radial waves xL(kir) have the asymptotic form
where HL = GL+iFL is the outgoing wave Coulomb function and nL is the reflection coefficient for the L wave. In deriving eq. (3.4), k. has been chosen along the z-axis and the reaction l plane is chosen to be the x-z plane. There are two types of distorted wave integrals that appear in the recoil amplitude. The integral b~), for example, will be given by b~) will be given by a similar expression.
The other integral c(l) is given by
where r 1 i~Lf is defined in eq. (3.5) . Thus, in addition to the radial-integral of the type, eq. (3.5), one has to evaluate radial integrals of the form appearing in eq. (3.6)
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The magnitude of the radial integrals are very sensitive to the value of 9., characterizing the form factor hil)*(ix 2 y), becoming larger for larger
.L In the no-recoil approximation, 9., is determined by the selection rules (3.8) In the case of the recoil amplitude, we obtain (3.9) Thus the angular momentum 9., has opposite parities for the no-recoil and the first order recoil amplitude. If the second order term in the Taylor expansion were included, one would once again obtain terms of the same parity as in the no-recoil approximation, but with a wider range of 9., values. The importance of higher order terms can therefore be estimated by comparing the no-recoil amplitude with the normal parity amplitude in an exact calculation such as those of Devries 8 ) 
Discussion
One can attempt to make some predictions on the effect of recoil.
From eqs~ (3.8) and (3.9) , one can show that the maximum angular momentum transfer allowed by the first order recoil term will always be one unit larger than that allowed in the no-recoil approximation. However, one has to consider also In these cases, one obtains a considerable increase in the cross-section due to recoil only for the case with j 1 =t 1 -l/2 and j 2 =t 2 -l/2. The maximum allowed t transfer, in this case, is t 1 +t 2 -2 for the no-recoil amplitude and t +t -1 1 2 for the recoil amplitude. The DWBA integral increases with increasing t and hence the recoil amplitude will be large. For all other values of jl and J 2 , the t transfer for recoil is one unit less than that allowed for the no-recoil between the j lower and j upper states became larger at the higher bombarding energy. The no-recoil and recoil amplitudes were found to interfere constructively for the j< and destructively for the j> states. Finally, one can predict that the recoil effects will be more important for states with large angular momenta. This arises from the properties of the form factor which behaves like a spherical Hankel function. The ratio of the form factors for ~ + 1 and ~ increases with ~.
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